INTRODUCTION
The application of techniques involving molecular biology in forensic dentistry represents a scientific achievement 1, 2, 3 . The DNA can be extracted from different regions of the tooth 4 and this source of biological material is indicated in cases of carbonization, since the resistance and durability, associated with dental positioning, offer protection to various exogenous factors 5, 9 . When considering forensic samples, which generally have small DNA fragments, care must be taken in the maintenance of the material, since any loss can impair the analysis of these samples 15, 16, 18 . 2QH RI WKH PDMRU GLI¿FXOWLHV HQFRXQWHUHG E\ experts is the storage of these samples 8 because the adverse conditions found at the crime scenes may affect the stability of the material. DNA degradation is a complex phenomenon that begins with autolysis, followed by aerobic and bacterial destruction of the cell, which depends on the level of water, oxygen, and most importantly, the temperature of the local environment 1, 2 . The most common technique used for preserving the integrity of the samples has been freezing 7 . However, other methods for stabilizing the samples have been used 14 , and at present there are products on the market that promise to stabilize 2014;22(4):331-5 the DNA immediately after the immersion of the biological sample into the product 6, 10, 11, 13 . The aim of this study was to assess the use of Allprotect™ Tissue Reagent (Qiagen, Hilden, North Rhine-Westphalia, Germany) to stabilize the DNA from human dental tissues stored under different temperature (room temperature and under refrigeration) conditions and time intervals (1, 7, 30 and 180 days).
MATERIAL AND METHODS
161 teeth from dental extractions of healthy maxillary and mandibular third molars obtained in graduate and/or post-graduate clinics of the Ribeirão Preto School of Dentistry, University of São Paulo (FORP-USP), SP, Brazil were used. After the surgical procedure, the dental elements were cleaned with sterile gauze and saline, to later be divided into two distinct groups of study: intact teeth and pulp tissue. Prior to the division of the groups, the teeth were kept in a refrigerator (-20°C).
Sample group -intact teeth
Each intact tooth was numbered and stored under different conditions, as shown in Figure 1 (n=5). In the samples in which Allprotect™ Tissue Reagent was used, the product was poured into a sterile centrifuge plastic bottle -Falcon type (Axygen, Inc; Tewksbury, MA, USA) using the dispensing valve present in the bottle.
Sample group -dental pulp
The extraction of the dental pulp was performed by cutting the teeth slowly in a horizontal direction in the region of the cementoenamel junction using a low speed motor with the aid of a sterile carborundum disk that was replaced after every tooth. After the tooth was sectioned, the pulp tissue was removed using sterile and individual endodontic instruments and the samples were stored in 0.5 ml microcentrifuge tubes (Axygen, Inc; Tewksbury, MA, USA). Each dental pulp was numbered and kept under different conditions, as shown in Figure 1 (n=5).
Positive control
One tooth was stored at -20°C for 180 days. This positive control was determined to ensure the viability of the extraction from the dental pulp using a commercial kit and following the standard protocol for storage (-20°C). This sample was not used to compare the effects of the product, and WKHUHIRUH WKH UHVXOWV RI WKH TXDQWL¿FDWLRQ RI WKH DNA extracted from this group were not used in the statistical analysis.
Extraction of DNA
The genomic DNA was extracted using the Qiaamp™ DNA Micro kit (Qiagen, Hilden, North Rhine-Westphalia, Germany) using the protocol for genomic DNA extraction from tissues.
4XDQWL¿FDWLRQ RI '1$ E\ UHDOWLPH 3&5
4XDQWL¿FDWLRQ E\ UHDOWLPH 3&5 ZDV SHUIRUPHG using the 7500 Real-Time PCR System with the SDS software and the samples of the intact WHHWK DQG GHQWDO SXOS ZHUH TXDQWL¿HG DW GLIIHUHQW times. To quantify the total genomic DNA present in the sample, the Quantifiler™ Human DNA 4XDQWL¿FDWLRQ NLW $SSOLHG %LRV\VWHPV )RVWHU &LW\ California, USA) was used in accordance with the manufacturer's protocol.
Analysis of DNA fragments -STR analysis
At the end, 32 samples were randomly selected, representing every possible condition. It was examined if amplification occurred from the use of the following four pre-selected markers with significant polymorphism: FGA (VIC -GGCTGCAGGGCATAACATTA and ATTCTATGACTTTGCGCTTCAGGA) for the 308-464 bp products; D3S1358 (ACTGCAGTCCAATCTGGGT a
n d V I C -ATG A A ATC A A C A G A G G C TTG C ) for the 99-147 bp products; D7S820 (VIC -A T G T T G G T C A G G C T G A C T A T G a n d G A T T C C A C A T T T A T C C T C A T T G A C ) f o r
t h e 2 1 1 -2 5 1 b p p r o d u c t s a n d D 1 6 S 5 3 9 (GGGGGTCTAAGAGCTTGTAAAAAG and VIC -TTTGTGTGTGCATCTGTAAGCATGTATC) for the 260-304 bp products.
These samples were standardized and diluted LQ 7( EXIIHU DQG DQ DPSOL¿FDWLRQ UHDFWLRQ ZDV performed so that they would contain a maximum 
Statistical analysis
The experimental data were statistically analyzed by Kruskal-Wallis test (non-parametric WHVW WR GHWHUPLQH WKH LQÀXHQFH RI XVLQJ $OOSURWHFW Tissue Reagent or not to stabilize DNA from human dental tissues under different temperature conditions and time periods. The Mann-Whitney WHVW ZDV XVHG IRU PXOWLSOH FRPSDULVRQV S
RESULTS
The presence of genomic DNA was observed LQ DOO VDPSOHV 7KH YDOXHV RI WKH TXDQWL¿FDWLRQ E\ real-time PCR were expressed in ng/μL and the amount of DNA was highly variable among the VDPSOHV WR QJǋ/ 7KH VWDWLVWLFDO analysis was performed from the values found in each group, and the values obtained are shown in Table 1 (intact teeth) and Table 2 (pulp tissue).
In this study it was observed that there was statistical difference in the amount of DNA obtained when analyzing the factors related to the time and temperature of storage. In relation to the use of WKH VSHFL¿F SURGXFW $OOSURWHFW 7LVVXH 5HDJHQW LW was relevant in the group of intact teeth when they were at room temperature for 30 and 180 days.
In the second laboratory stage, in which the fragments of 32 samples were analyzed, it was found that, despite the variation in the amount of DNA, the analysis of alleles of the four selected regions was possible in all samples selected. Figure  2 shows an example of how the genetic analyzer provides the results. 
Days

DISCUSSION
Some studies have shown how environmental factors related to time, temperature, and KXPLGLW\ FDQ LQÀXHQFH WKH TXDOLW\ DQG TXDQWLW\ of DNA 1, 2, 12, 15, 16, 17 . Knowing this is important to GH¿QH WKH VWRUDJH SURWRFROV LQ RUGHU WR PDLQWDLQ the quality and stability of the genetic material of forensic samples.
With regard to the time factor, Pfeiffer, et al.
15
(1999) found that the concentration of DNA was reduced by 90% after storing teeth in the soil for a six-week time period. The results of the present study also showed that degradation is associated with the time factor when the intact teeth are stored at room temperature.
As for the variation in temperature, Schwartz, et al. 16 (1991) observed that the variation of 4°C, 25°C and 37°C was not decisive for obtaining DNA with high molecular weight from dental pulps despite pH, moisture, soil conditions and time of burial. In the present study, although it was possible to obtain DNA, a difference was found between the samples stored at room temperature and those refrigerated.
Because the temperature influences the amount of DNA, dry storage at low temperatures is indicated to preserve the biological material 7, 14 . However, it is known that, in some situations the maintenance of the samples under appropriate FRQGLWLRQV DQG DW ORZ WHPSHUDWXUHV PD\ EH GLI¿FXOW if, for example, access to the location of the crime with the necessary materials is not possible 6 . Within this forensic context, using products that stabilize DNA molecules is an alternative to maintain the quality of the sample until it can be taken to the appropriate laboratories 14 . $FFRUGLQJO\ WHVWV LQYROYLQJ WKH HI¿FLHQF\ RI WKHVH products should be conducted to justify their use.
In this study the intact teeth kept under UHIULJHUDWLRQ VKRZHG QR VLJQL¿FDQW LPSURYHPHQW in the amount of DNA when the product was used, as well as the storage of dental pulp, in which XVLQJ WKH SURGXFW RU QRW VKRZHG QR VLJQL¿FDQW differences under the two temperature conditions. These results are similar to those found in the study of Mee, et al.
11 (2011) , who observed no differences in the quality of the DNA extracted from samples of breast tissues when using the product or not was compared before freezing.
In this study, it was not considered the use of the product in frozen samples since, in the forensic context, storage of the tissue in preservatives would be interesting only until the sample could be frozen and transported to the laboratory. When frozen or under refrigeration (4 to 8°C), the results showed that the use of the product was not relevant, which does not justify the extra cost.
Furthermore, it were analyzed longer time intervals as, according to Nagy 14 (2010) , the tests performed so far with these stabilizers did not include this variable. It was observed that the use of Allprotect™ Tissue Reagent in intact teeth kept at room temperature for 30 and 180 days VKRZHG D VLJQL¿FDQW GLIIHUHQFH LQ WKH DPRXQW of DNA (p=0.008), which indicates its use when samples need to be kept under this condition for extended periods of time. The use of a DNA stabilizer in human dental tissues stored under different temperature conditions and time intervals However, despite this difference found in storage for 30 and 180 days at room temperature, the product is still considered expensive in comparison with other preservation methods, which would not justify its use in forensic context because within this time interval the samples could be sent to appropriate locations and stored following the standard freezing protocols.
In forensic investigation involving biological samples for the application of genetic testing, maintenance is important for the quality of the material. By opting for the extraction of DNA from dental tissues it is understood that other common sources, e.g., extraction of DNA from blood, are not possible and hence the material might be exposed to degradation factors.
For this reason, attention regarding the preservation of samples must be taken in order not to harm future laboratory procedures 8, 18 . Therefore, further studies related to preservation methods should be conducted to ensure a reliable method for the preservation of the samples, particularly in relation to stabilizing agents. The results have shown that the effectiveness is limited and further investigations are required.
CONCLUSION
It may be concluded that the use of Allprotect™ 7LVVXH 5HDJHQW VKRZHG D VLJQL¿FDQW GLIIHUHQFH LQ stabilizing DNA in samples of intact human teeth stored at room temperature for 30 and 180 days, ZKLOH WKH UHVXOWV VKRZHG QR MXVWL¿FDWLRQ IRU XVLQJ the product under the other conditions tested. 
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